Meiotic checkpoints monitor chromosome status to ensure correct homologous recombination, genomic integrity and chromosome segregation. In Drosophila the persistent presence of double strand DNA breaks (DSB) activates the ATR/Mei-41 checkpoint, delays progression through meiosis and causes defects in DNA condensation of the oocyte nucleus, the karyosome. Checkpoint activation has also been linked to decreased levels of the TGFα-like molecule Gurken, which controls normal eggshell patterning. We used this easy scorable eggshell phenotype in a germ line mosaic screen in Drosophila to identify new genes affecting meiotic progression, DNA condensation and Gurken signaling. 118 new ventralizing mutants on the second chromosome fell into 17 complementation groups. Here we describe the analysis of eight complementation groups, including Kinesin heavy chain, the SR protein kinase cuaba, the cohesin-related gene dPds5/cohiba and the Tudor domain gene montecristo. Our findings challenge the hypothesis that checkpoint activation upon persistent DSBs is exclusively mediated by ATR/Mei-41 kinase and instead reveals a more complex network of interactions that link DSB formation, checkpoint activation, meiotic delay, DNA condensation and Gurken protein synthesis.
INTRODUCTION
As cells divide, checkpoints delay the transition to the next phase of each cycle until the previous phase is completed, in order to ensure the genomic stability of the daughter cells (KUZMINOV 2001) . During meiosis in yeast this surveillance allows the correct reduction of the DNA content into fully functional gametes (ROEDER and BAILIS 2000) .
Similarly, in Drosophila the activation of a meiotic checkpoint is thought to delay meiotic progression in the oocyte (HUYNH and ST JOHNSTON 2000) . Drosophila oogenesis begins at the anterior tip of the germarium, as cystoblasts divide synchronously to form cysts of 16 interconnected germ cells (Figure 1 ) (DE CUEVAS et al. 1997; SPRADLING 1993) . Several cells in each cyst enter meiotic prophase, condense their chromosomes, form synapses between the homologues and repair double strand breaks (DSB) in the DNA but only one cystocyte reaches the full pachytene state (CARPENTER 1979; JANG et al. 2003; PAGE and HAWLEY 2001; PAGE and HAWLEY 2004) . Mutations in meiotic genes, such as the DSB repair genes okra/dRad54 (okr) and spindle-A/dRad51 (spn-A) delay this restriction. In later stages DSB repair mutants show fragmented or thread-like chromatin organization within the oocyte nucleus instead of condensing into a hollow spherical "karyosome" as in the wild type (GONZALEZ-REYES et al. 1997; HUYNH and ST JOHNSTON 2000; STAEVA-VIEIRA et al. 2003) . In addition to delays in meiotic restriction, females with mutant DSB repair enzymes lay eggs with dorsal-ventral (DV) defects known as the spindle phenotype (GHABRIAL et al. 1998; GONZALEZ-REYES et al. 1997; MORRIS and LEHMANN 1999; STAEVA-VIEIRA et al. 2003) . The persistance of DSBs in these mutants activates the ATRlike kinase Mei-41 and the Drosophila checkpoint protein 2 (dChk2) (ABDU et al. 2002; GHABRIAL and SCHUPBACH 1999a; STAEVA-VIEIRA et al. 2003) . This activation causes modification of Vasa (Vas), a germ line-specific ATP-dependent helicase required for translation of a number of mRNAs, including that of the TGFα-like molecule gurken (grk) (GHABRIAL and SCHUPBACH 1999a; NEUMAN-SILBERBERG and SCHUPBACH 1994; STYHLER et al. 1998) . Grk is required during mid-oogenesis to establish the DV axis of the future eggshell (GHIGLIONE et al. 2002) . Therefore, the activation of the Mei-41 checkpoint can prevent oocyte development.
Little is known about the effectors of the meiotic checkpoint that lead to delays in meiotic progression or oocyte polarity defects. Previous genetic screens based on female sterility and the spindle phenotype also identified DV polarity genes with functions other than DSB repair (MORRIS et al. 2003; SCHUPBACH and WIESCHAUS 1989; SCHUPBACH and WIESCHAUS 1991; STAEVA-VIEIRA et al. 2003) . These included genes required for grk mRNA transport (ABDU et al. 2006; BRENDZA et al. 2000; HUYNH and ST JOHNSTON 2000; NAVARRO et al. 2004; SWAN et al. 1999; SWAN and SUTER 1996) , genes required for Grk processing (MIURA et al. 2006; STYHLER et al. 1998) and genes regulating the stability and trafficking of Grk protein (BOKEL et al. 2006; FINDLEY et al. 2003; KENNERDELL et al. 2002; SAUNDERS and COHEN 1999; WILHELM et al. 2005) .
The link between meiotic control and oocyte development is poorly understood. Different checkpoint pathways may monitor meiotic steps in addition to DNA repair (BHALLA and DERNBURG 2005) . Here we describe a large-scale mutagenesis screen to isolate mutations in genes linking the control of meiotic progression with oocyte development. Using Grk expression in the oocyte, oocyte nuclear markers and genetic analysis we characterize eight loci and group them into phenotypic classes according to their effect on meiotic chromatin condensation, DSB formation, meiotic checkpoint pathway activation and DV polarity. Among DSB repair candidate genes we identify the Drosophila cohesin-related gene dPds5 and the novel Tudor domain gene montecristo (mtc). The characterization of their phenotypes provides evidence that additional mechanisms independent of the meiotic checkpoint kinase, Mei-41 delay meiosis and affect oocyte polarity. Two other mutants, indios (nds) and trinidad (trin), suggest the possibility of uncoupling the process of meiotic chromatin condensation from the Grk-mediated signaling pathway.
MATERIALS AND METHODS

Fly Stocks.
The following alleles identified in the screen were used for phenotypic analysis: khc pgs1 , , the 2R deficiencies and all the starting lines used in the screen (see below) were obtained from Bloomington Stock Center. All flies were raised at 25 o unless otherwise indicated.
Mutagenesis.
The screen was carried out as previously described for the 3R chromosome (YOHN et al. 2003 (CHOU and PERRIMON 1992) . On the fifth or sixth day after mating the parents were discarded and the F1 larvae were heat-shocked in a 37 o water bath for 2 hr to induce mitotic recombination and death of individuals carrying the balancer. F1
adults were transferred to fresh yeasted food for three days before egg collection. Eggs derived from germline clones were collected twice. The first collection was stained for β-galactosidase activity to visualize germ plasm and germ cells by virtue of the P{w + fafLacZ} transgene (MOORE et al. 1998) . This was used to detect defects in germ cell formation or migration (data not shown). The second collection was screened directly on the egg deposition plate for eggshell phenotypes (STAEVA-VIEIRA et al. 2003) . ventralized eggshells), "medium" (from 50% to 70% of ventralized eggshells), "weak"
(approximately 30% ventralization) and "small/collapsed" (in addition to ventralized, eggshells were small and/or collapsed, Fig. 2F ) categories.
Complementation testing and deficiency mapping.
Mutants of the "strong", "medium" and "small/collapsed" categories were used in complementation crosses ( 
Genetic Mapping with SNP markers
Non-essential loci were mapped to an approximate resolution of 2 Mb similar to assays previously described (BERGER et al. 2001) . Single nucleotide polymorphisms (SNPs)
causing restriction fragment-length polymorphism (RFLP) defining 10 evenly spaced intervals along 2R were selected ( (Tables 1 and 2 ).
Allele Sequencing and molecular cloning
Preparation of genomic DNA and sequencing reactions were carried out as described (STAEVA-VIEIRA et al. 2003) . Each mutant sequence from P{ w + FRT 42B} m/Df(2R) was aligned with that of the homozygous P{ w + FRT 42B} chromosome using DNASTAR.
To molecularly map the P{lacW}l(2)k1223 insertion inverse PCR was carried out according to the Berkley Drosophila Genome Project Resources web site but using only the Sau3A I restriction enzyme. Sequences in the 3' and 5' ends of the P element obtained from two independent trials were compared with the Drosophila genome release 3 and the adjacent coding region CG17509 was sequenced in P{ w + FRT 42B} dPds5 cohiba /Df(2R) mutants as above.
Immunostaining Drosophila ovaries
Ovaries were processed for immunofluorescence as described (NAVARRO et al. 2004 ). The monoclonal anti-Grk antibody 1D12 (Developmental Studies Hybridoma Bank) and the rabbit polyclonal anti-C(3)G antibody were diluted 1:50 and 1:1000, respectively (NAVARRO et al. 2004; QUEENAN et al. 1999 heat shocked on two consecutive days for one hour each. Heat-shocked adults were transferred to fresh food for five additional days, fattened in fresh yeast on the sixth day and dissected on the seventh day as described. The auto-fluorescence of nuclear GFP was always preferred to its indirect immunolabeling using commercially available antibodies.
Genetic interactions
The DV phenotype in viable or semi-lethal complementation groups was tested in a mei-41 (GHABRIAL et al. 1998; STAEVA-VIEIRA et al. 2003 ).
RESULTS
A screen for genes controlling meiosis and oocyte patterning.
The Grk-mediated EGF receptor pathway is a sensitive readout for two fundamental processes of early oogenesis: meiosis and oocyte polarity. Abrogation of this pathway causes a characteristic ventralized eggshell phenotype that can be easily recognized by fusion or lack of the two dorsal appendages in the eggs of mutant females ( Figure 2B -F).
We used this phenotype to identify new germ line-specific genes on the right arm of chromosome 2 (2R) involved in meiotic progression and Grk ligand production. To isolate both lethal and viable EMS-derived mutations we employed the FRT/ovo D technique to produce germ line clones homozygous for 2R in an otherwise heterozygous adult ( Fig. 2A ) (CHOU and PERRIMON 1992) . Among 8,179 independent lines, we isolated 310 potential mutations, of which 118 were kept for further analysis after a secondary screen (MATERIALS AND METHODS).
The final 118 lines were divided into four categories, "strong" (18 lines), "medium" (47 lines), "weak" (31 lines) and "small/collapsed" (22 lines), based on penetrance of the mutant phenotype (MATERIALS AND METHODS and Table 2 ). Only lines with the most penetrant phenotypes were used for complementation tests. This allowed the identification of 17 complementation groups with two or more alleles among 57 lines tested (Table 2) .
Ten complementation groups were lethal or semi-lethal, suggesting that the corresponding genes have essential somatic functions and would not have been identified in previous maternal screens (SCHUPBACH and WIESCHAUS 1989; SCHUPBACH and WIESCHAUS 1991) .
For their shared eggshell phenotype, we named the complementation groups after brands of Cuban cigars. We have determined the genomic location of nine loci by combining SNP mapping with complementation analysis using the 2R deficiency kit (MATERIALS AND METHODS). In this study, we describe the phenotypic characterization of eight of these genes ( Table 3) .
Classification of new DV polarity mutations based on Grk protein distribution and oocyte chromatin condensation.
As an initial phenotypic assay, we used oocyte nuclear morphology and Grk protein distribution to characterize the effect of each complementation group on meiosis and oocyte Table 3 ). By stage 6 of wild-type oogenesis, the DNA within the oocyte nucleus is fully condensed to form a dense karyosome ( Fig. 2G) . At this stage, Grk protein is tightly associated with the oocyte nucleus. Subsequently, at stage 9 of oogenesis, grk RNA and protein, which remain associated with the nucleus, have moved to an anterior corner of the oocyte, where high levels of Grk induce dorsal cell fates in the overlaying follicle cells; at this point the karyosome takes on a more "relaxed" morphology ( Fig. 2H ) (NEUMAN-SILBERBERG and SCHUPBACH 1996) . According to our analysis, the new mutants fall into four phenotypic classes. (For a summary of mutant phenotypes and genetic interactions see Table 3 .)
Class I: normal karyosome and Grk protein levels ( Fig. 2I-K) . Three complementation groups fall into this class (Table 3) : bahia (bha), cuaba and partagas (pgs). The two viable bha alleles had apparently normal Grk distribution and karyosome morphologies (Fig. 2I ). This phenotype resembles that of mutations affecting Grk processing or secretion (BOKEL et al. 2006; MIURA et al. 2006; VALCARCEL et al. 1999) . In contrast to bha mutations, cuaba and pgs mutants showed defects in egg chamber morphology and oocyte nuclear positioning, respectively ( Fig. 2J-K) . cuaba mutations produced egg chambers with the normal number of germ cells, but in contrast to normal egg chambers where the oocyte is located posterior to the nurse cells, the oocyte was abnormally positioned within the oocyte-nurse cell cluster in cuaba mutants (Fig. 2J ). This phenotype resembles that caused by DV mutations in genes required for oocyte adhesion to the follicle cells, such as cadherin, dicephalic and brainiac (GODT and TEPASS 1998; GONZALEZ-REYES and ST JOHNSTON 1998; GOODE et al. 1996; MCCAFFREY et al. 2006) .
We mapped cuaba to the coding region CG8174, and all four cuaba alleles carry mutations in this gene. CG8174 is predicted to encode the Drosophila homologue of human SR protein kinase 2 (SRPK2). SRPK2 affects alternative splicing of specific RNAs by regulating the function or sub-cellular localization of SR proteins (TENENBAUM and AGUIRRE-GHISO 2005) . In pgs mutant egg chambers, the oocyte was positioned correctly with respect to the nurse cells. However, at stage 10, when the oocyte nucleus has normally moved to the anterior dorsal side of the oocyte, the oocyte nucleus in pgs mutants was found misplaced relative to the anterior corner of the oocyte (Fig. 2K) . We mapped pgs to the genomic region of kinesin heavy chain (khc) and all pgs mutations failed to complement the lethality of a khc allele (khc 27 ) ( Table 2 ). Since germ line clones of khc 27 also show a nuclear migration phenotype similar to that of our pgs alleles, we conclude that pgs mutations affect khc (BRENDZA et al. 2002) .
Class II: defects in Grk protein synthesis. A single complementation group, indios (nds), falls into this class. In nds mutant egg chambers Grk protein levels were clearly reduced although no defects in karyosome morphology were observed ( Fig. 2L and Table   3 ). This phenotype resembles that of grk suggesting that nds specifically affects the synthesis or stability of grk protein or RNA (GONZALEZ-REYES et al. 1995; VOLPE et al. 2001 ).
Class III: defects in karyosome morphology. Seven viable alleles of trinidad (trin)
were identified on the basis of their ventralized and flaccid eggshell phenotype. In these mutant oocytes chromatin condensation appeared irregular (Fig. 2M, inset) , while Grk protein levels seemed normal (Fig. 2M ). It remains unclear how this apparently germ linespecific gene affects both nuclear morphology and Grk function. A similar phenotype has been observed in mutants defective in actin dynamics such as Src64, Tec29 and Kelch (DJAGAEVA et al. 2005; DODSON et al. 1998 ).
Class IV: defects in both Grk production and karyosome formation ( Fig. 2N-P) .
Three complementation groups fall into this class (Table 3) : bolivar (blv), montecristo (mtc) and cohiba. All three genes seemed to specifically affect karyosome morphology and Grk distribution. These mutants did not alter other aspects of egg chamber development such as oocyte determination, the number of nurse cells per egg chamber and the positioning of the oocyte posterior to the nurse cells (data not shown). blv and mtc oocytes showed a thread-like chromatin morphology typical of other meiotic mutants ( Fig. 2N and 2O, respectively) (GONZALEZ-REYES et al. 1997) . We used SNP recombination and lack of complementation for female sterility with the P element PBac{WH}CG15707 f06583 to map mtc to CG15707. All mtc alleles carry mutations in this gene, which encodes a 746 aa protein predicted to contain a Tudor domain near its carboxyl-terminus (PONTING 1997).
BLAST searches using the predicted Mtc protein sequence found significant alignments with a Tudor domain protein in Anopheles (XM_312463) and several mammalian Tudor domain proteins. These homologies are, however, restricted to the Tudor domain. In contrast to the karyosome defects observed in mtc and blv, more than 50% of cohiba karyosomes showed regions of "open" chromatin apparently emerging from a condensed core (Fig. 2P, arrow) . We mapped cohiba by deficiency mapping and complementation analysis with candidate mutants and found that the previously uncharacterized P element l(2)k13312 failed to complement the lethality of all cohiba alleles. Using inverse PCR we identified the insertion site of l (2) We assayed the progression of meiosis in the new DV mutants using C(3)G staining (Table 3 and , showed delays in 29% (n=15) and 40%
(n=27) egg chambers, respectively ( Fig. 3E-F) . In wild-type and egg chambers mutant for bahia, khc pgs , srpk cuaba , trin and blv delays in meiotic restriction were rarely observed (3-5%, Fig. 3D ).
In summary, mutants in mtc, and dPds5 behave similar to "classical spindle mutants" that decrease Grk production, affect karyosome morphology and delay meiotic restriction. Similar to vas mutants, blv mutants also affect Grk levels and karyosome morphology but do not show evident delays in meiotic restriction (HUYNH and ST JOHNSTON 2000; TOMANCAK et al. 1998) . On the other hand, the nds phenotype, with decreased Grk protein levels and delayed meiotic restriction but an apparently normal karyosome morphology, and the trin phenotype, with normal Grk protein levels, abnormal karyosome condensation and no evident delays in meiotic restriction, suggest that condensation of meiotic chromatin, timing of meiotic restriction and control of Grk levels can be uncoupled.
Classification of new DV polarity mutations based on meiotic checkpoint activation and defects in DSB repair.
We next determined the genetic relationship of each complementation group with genes affecting DSB repair and meiotic checkpoint activation. As previously shown, mutations in genes controlling checkpoint activation and DSB formation can suppress eggshell ventralization in DSB-repair mutants by restoring Grk protein levels (ABDU et al. 2002; GHABRIAL and SCHUPBACH 1999a; STAEVA-VIEIRA et al. 2003) .
We placed mutations of each group in the background of the Drosophila ATR This suppression is dominant since the frequency of DV defects decreased from 45.3%
(n=546) in the progeny of nds females to 3.1% (n=964) and 2.1% (n=828) in the progeny of mei-41 D3 /+; indios and mei-41 D3 ; indios females, respectively. Interestingly, reducing and eliminating ATR/Mei-41 function in group IV mutants either in germ line clones homozygous for three lethal dPds5 cohiba alleles or in combination with viable mutations in mtc and blv had no significant effect on the frequency of ventralized eggs generated by germ line clones (Fig. 4B ).
We subsequently tested the phenotype of our complementation groups in the absence of DSB. This was achieved by combining our mutants with a mutation in either the Spo11p orthologue mei-W68 or the meiotic chromatin component mei -P22 (see MATERIALS AND METHODS) (JANG et al. 2003; LIU et al. 2002) . Because the molecular mechanism of khc pgs in microtubule-based transport is already established, we excluded this group from this epistatic analysis (Table 3) . Mutations from each of the viable complementation groups (blv, bha, srpk cuaba , nds, trin, and mtc) were tested with mei-P22 1 . However, we did not see suppression of the eggshell phenotype in any of these double mutants (Fig. 4C) . Since the dPds5 cohiba alleles are homozygous lethal, we tested dPds5 in combination with mei-W68, which is located on the same chromosome. We induced mei-W68 1 dPds5 cohiba double mutant homozygous clones using the FRT/ovo D method. In the progeny of these clones, the frequency of ventralized eggshells was significantly reduced (Fig. 4D and Supplemental Table) In summary, none of our new mutants behaves identically to mutants in the previously described spindle genes spn-A and okr (Fig. 4) , which encode enzymes required for DSB repair. Instead, our results suggest 1) that mutations in nds cause Mei-41/ATR checkpoint activation independently of DSB formation, that 2) dPds5 mutants are sensitive to DSBs but seem not to activate the Mei-41/ATR checkpoint, and that 3) Blv, Mtc and
Trin may function downstream of, or in parallel to the Mei-41/ATR checkpoint.
DISCUSSION
In this study, we used a clonal screen to identify genes regulating meiotic progression in Drosophila. Instead of testing directly for defects in meiosis, we used an easy scorable eggshell phenotype that is produced when the levels or activity of the morphogen Grk are affected. This allowed us to efficiently screen a large number of mutant lines and to identify germ line-specific genes as well as genes with essential functions. The number of new genes identified is likely less than the total number of 2R genes required for Grk synthesis and function since we discarded mutations that blocked oogenesis (MORRIS et al. 2003) . Of the eight genes described in this study, five show meiotic phenotypes. dPds5, nds and mtc delay meiotic restriction to the oocyte although only dPds5 and nds genetically interact with mei-W68 and mei-41, respectively. In spite of normal timing in meiotic restriction mutations in two other genes, trin and blv affect the morphology of the karyosome. This confirms the effectiveness of our screening method for meiotic genes.
Genetic and developmental analysis of the newly identified genes provides evidence for new regulatory steps in a network that coordinates Drosophila meiosis and oocyte development.
Chromatin cohesion and DSB formation
One of our complementation groups, cohiba, identifies the Drosophila homologue of
Pds5p in Schizosaccharomyces pombe, Spo76 in Sordaria macrospora and BimD in
Aspergillus nidulans, which have been found associated with the cohesion complex of mitotic and meiotic chromosomes (DING et al. 2006; LOSADA et al. 2005; PANIZZA et al. 2000; STORLAZZI et al. 2003 ; VAN HEEMST et al. 1999) . More recently, it was shown that depletion of Pds5 not only affects cohesion but also condensation in meiotic prophase (DING et al. 2006; LOSADA et al. 2005; PANIZZA et al. 2000; STORLAZZI et al. 2003 ; VAN HEEMST et al. 1999) . The unique "open chromatin" karyosome defect we observe in dPds5 cohiba mutants is consistent with a role of Pds5 in chromosome cohesion during Drosophila meiosis. Like Spo76, the dPds5 cohiba phenotype is suppressed by Spo11 (mei-W68) mutations defective in DSB formation. This suggests that dPds5 is necessary to maintain the structure of the meiotic chromosomes after DSB are induced (DING et al. 2006; LOSADA et al. 2005; PANIZZA et al. 2000; STORLAZZI et al. 2003 ; VAN HEEMST et al. 1999) . However, in contrast to known DSB repair genes, the meiotic delay and oocyte patterning defects of dPds cohiba mutants are not due to activation of ATR/Mei-41-dependent checkpoint. One possibility is that the ATR downstream effector kinase dChk2 is activated via an alternative pathway such as the Drosophila ataxia-telangiectasia mutated (ATM)
homologue, which indeed activates dChk2 in the early embryo independently of ATR (BRODSKY et al. 2004) . Alternatively, dPds cohiba mutants may activate a checkpoint that measures cohesion rather than DSB breaks. The only other cohesion protein characterized in Drosophila is the product of the orientation disruptor (ord). ORD plays a role in early prophase I by maintaining synaptic chromosomes and allowing inter-homologue recombination (WEBBER et al. 2004 ). More importantly and perhaps similar to dPds5, ORD seems not required for DSB repair. However, in contrast to dPds5 mutants, karyosome morphology is normal in ord mutants, and an eggshell polarity phenotype has not been reported. Although required for chromatid cohesion, dPds5 and ORD might play complementary roles in SC dynamics: ORD may stabilize the SC in the oocyte, whereas dPds5 may be required for the disassembly of synapses as one of the pro-oocytes regresses from meiosis.
Meiotic restriction to the oocyte
Our screen identified mutations in montecristo (mtc) which affect the restriction of meiosis to the oocyte. It has been proposed that this delay reflects the activation of the ATR/Mei-41 checkpoint pathway (HUYNH and ST JOHNSTON 2000) . Similar to dPds5, Mtc may control the regression from pachytene in those cyst cells that will not adopt the oocyte fate. The delayed meiotic restriction observed in mtc mutants occurs, however, independently of DSB formation or Mei-41 checkpoint activation (Table 3) . Mtc contains a Tudor domain. In other Tudor-domain proteins, this domain has been shown to interact with methylated target proteins (PONTING, 1997) . Identification of specific Mtc targets may clarify its role in meiotic restriction and oocyte patterning.
Karyosome formation and Gurken activity
A particularly intriguing and novel phenotype is uncovered by mutations in indios (nds). By delaying meiotic restriction and activating Mei-41 without affecting the karyosome morphology, nds mutants separate checkpoint activation leading to Grk decrease from checkpoint activation controlling karyosome compaction. The nds phenotype also occurs independently of DSBs suggesting that Nds triggers checkpoint activation independent of DNA breaks. The fact that nds mutants are extremely sensitive to
Mei-41 dosage, further suggests that Nds activity may specifically control a branch of the Mei-41 checkpoint regulating Grk activity. In contrast to nds, trin mutants do not delay meiotic restriction and show defects in the karyosome in spite of normal Grk levels. Like mutants in src64B and tec29, which show a similar phenotype, Trin may mediate chromatin remodeling in the oocyte by regulating the actin cytoskeleton (DJAGAEVA et al. 2005; GUARNIERI et al. 1998; ROULIER et al. 1998; SIMON et al. 1983) . In this context, the DV phenotype of eggs from trin mutants may be an indirect effect due to defects in actin cytoskeleton function (DJAGAEVA et al. 2005; MIRALLES and VISA 2006) . The production of collapsed eggs by trin mutant germ line clones is consistent with this idea (Table 2) .
Finally, blv mutants show striking similarity to vas mutants with respect to lack of sensitivity to DSB formation, no evident delays of meiotic restriction and karyosome and Grk phenotypes (GHABRIAL and SCHUPBACH 1999b; HUYNH and ST JOHNSTON 2000; STYHLER et al. 1998; TOMANCAK et al. 1998) . Blv may thus act downstream or independent of the Mei41/ATR checkpoint and its further characterization may help to understand the effector side of the meiotic checkpoint pathway.
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